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THE INHIBITION OF VIBRISSAE DEVELOPMENT IN VITRO
BY BETA2THIENYLALANINE*
EDWARD J. ROLLAR, Pn.D.t
A number of investigators have suggested
that the development of hair is due to an in-
ductive interaction between the epidermis and
dermis in embryonic skin and that the main-
tenance of the adult hair follicle is dependent
on the presence of a dermal papilla (1, 2, 3).
Indeed, a condensation of mesodermal cells is
thought to induce the development of hair fol-
licles from the epithelium in a manner similar
to the well known inductive system for feather
development (4, 5). Such an inductive inter-
action for vibrissae development has been
demonstrated in this laboratory (unpublished
results) by exchanging the epithelium of the
plantar surface of embryonic foot plates with
the mesoderm of embryonic snout skin. In
such combinations grown in vitro, vibrissae-
like follicles develop from this typically hair-
less epidermis. However, the source of the
dermal papilla cells, the mechanics of their
condensation into a discrete morphological
entity, and the nature of their inductive prop-
erties is not understood.
Wessells and Roessner (6) recently investi-
gated the early stages of vibrissae formation
in embryonic mice and state that the meso-
dermal cells of the dermal condensations fail
to incorporate H5-thymidine, do not contain
significant numbers of mitotically active
cells, and bind H'-uridine. The cells of these
dermal condensations, then, are a stable cell
population that plays some important role in
the induction and maintenance of hair folli-
cles. Furthermore, these cells are actively en-
gaged in protein synthesis that may be re-
lated to their developmental function. Since
developing vibrissae have not been subjected
to agents which interfere with the metabolism
of cellular proteins, tlus study describes the
developmental performance of snout skin
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grown in vitro in the presence of Beta-2-
thienylalanine.
Beta-2-thienylalanine, an analog of phenyl-
alanine that inhibits cellular growth and ac-
tivity (7—9), was found to disrupt the de-
velopment of vibrissae follicles in explants of
embryonic mouse snout skin grown in vitro.
MATEaIAL5 AND MErHons
Snout skin of 11- and 12-day embryonic C57/10
mice, staged according to Grunebcrg (10) and from
the appearance of a vaginal plug, was dissected and
explanted to Falcon organ culture dishes contain-
ing 1 ml of medium consisting of 0.4% agar
(Difco) in Eagle's basal medium with 1% gluta-
mine, penicillin-streptomycin (50 units each /ml)
and 10% fetal bovine serum (Microbiological As-
sociates). It should be pointed out that early
experiments were done with Eagle's medium (Mi-
crobiological Associates) containing phenylalanine.
Because this small amount of phenylalanine could
have interfered with the results, experiments now
employ Eagle's medium specially prepared without
phenylalanine (Grand Island Biological Company).
The explants were placed on fresh media every 2
days and were incubated at 37° C for 2—6 days in
a humidified atmosphere of 5% COr-95 % air.
Four series of cultures were prepared: (i) con-
trols without amino acid or analog supplement;
(ii) cultures containing 1 and 2 mM/l of phenyl-
alanine; (iii) cultures containing 1 and 2 mM/l
of Beta-2-thienylalanine; and (iv) cultures con-
taining equimolar concentrations of both the
amino ncid and its analog.
The explants were harvested, fixed in Zenker's
acetic acid, and stained with hematoxylin and
eosin.
RESULTS
The normal development of vibrissae folli-
cles in vivo and in vitro has been described
a number of times (11—13). At 11 days of ges-
tation there is no indication of follicle de-
velopment; the epithelium is a single layer of
cells under which a generalized mesenchyme
can be seen. During the next day of develop-
ment, the epithelium thickens locally in as-
sociation with a condensation of mesenchyme
cells, the dermal condensation, which at later
stages will be incorporated into the epithelial
follicle as the dermal papilla of the follicle.
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By the 14th day a definitive follicle is pres-
ent. Growth and differentiation of the vihris-
sae follicle continue and a keratinized hair is
formed during the 15th or 16th day of gesta-
tion.
Davidson and Hardy (12) and Kollar (13)
described the in vitro development of ex-
plants of snout skin and reported that rows of
follicles in a graded series of developmental
stages were maintained in vitro. Keratinizing
hair shafts developed in cultured explants;
however, eruption of these hair shafts did not
occur.
The present study confirms these data. After
six days in culture, 11-day embryonic snout
skin had developed follicles with keratinizing
hair shafts (Fig. 1). Similarly, when phenyl-
alanine was added to the culture medium fol-
licles with kcratinizing shafts developed;
there was no difference between the control
and phenylalanine supplemented cultures.
On the other hand, when Bcta-2-thienyl-
alaninc was added to the medium, follicles
were absent in explants of 11- and 12-day
embryonic snout skin, although the epidermis
and dermis maintained their usual relation-
ship and mitotic figures were present (Fig.
2).
Explants of 11- and 12-day embryonic snout
skin were harvested after 2 and 4 days in cul-
ture to determine the effects of the analog dur-
ing the early stages of cpidcrmal differentia-
tion. At 11 days of embryonic growth, control
biopsy specimens of snout skin show no evi-
dence of cpidermal response. In explants of
this stage, mesodcrmal condensations arc not
seen at any time during the six days of culture
in the presence of the analog. Although the
mcsodcrmal cell population often appeared to
be more dense immediately below the epithe-
hum, this greater cell density was in no way
organized into morpbologically distinct der-
mal condensations similar to those seen during
normal vibrissac follicle development. Also,
there was no epidermal thickening, prolifera-
tion, or downgrowth into the dermis (Figs. 3
and 4).
The response of 12-day embryonic snout
skin after 2 and 4 days of culture in the pres-
ence of the analog was similar. In these ex-
plants, it is clear that when the skin contained
early stages of follicle development at the time
of cxplantation, development did not proceed
further; new sites of epidermal-dermal inter-
action were absent. If an epithelial thicken-
ing or an early epidermal peg was present in
the explant, the mcsodcrmal cell population
associated with it appeared disorganized and
the epidermal peg was often broad and irrcgu-
larin shape (Fig. 5).
The absence of cellular degeneration or
death in these cultures indicates that Beta-2-
tbienylalanine is not toxic at the doses used
here. Indeed, when equimolar concentrations of
phenylalanine and Beta-2-thienylalanine at
both dosages were administered to the cul-
tures, the explants developed normally pro-
ducing keratinizing hair shafts (Fig. 6).
DIscussIoN
These experiments demonstrate that vibris-
sac development is inhibited in the presence
of Beta-2-thienylalanine, an analog of phenyl-
alanine. The maintenance of histological in-
tegrity, mitotic activity and the absence of
degeneration in these explants provide evi-
dence that the action of this amino acid ana-
log is not due to a generalized toxicity. More-
over, the epithehium continues to undergo a
thickening and kcratinization in both the
controls and analog treated cultures. In this
regard, a recent study (14) demonstrated that
this analog does not inhibit RNA or protein
synthesis in adult rabbit macrophages; that
the analog is incorporated into the cellular
proteins in these cells; and, as in the present
study, the inhibitory effects of Beta-2-thi-
enylalanine on rabbit macrophages are re-
versed by phenylalanine. These data suggest
that synthesis of specific structural or en-
zymatic protein(s) may be disrupted in the
presence of this analog with a consequent
block in the developmental performance of
these cells.
It is not possible, at the present time, to
conclude whether the analog is exerting its in-
hibitory effect solely on the mesoderm, on the
epithelium, or on both components. The ab-
normal condensations of the mesoderm seen in
the cultured 11-day snout skin explants (Figs.
2—4) and the absence of any epidcrmal response
to these condensations suggest that perhaps the
initial effect is on the mcsodermal component.
Furthermore, when treated 12-day snout skin
is examined the epidcrmal downgrowths are
suppressed and, again, the mesodermal com-
FIG. 1. Control explant of 11-day embryonic snout skin cultured for six days. (250 X)
FIG. 2. Eleven day embryonic snout skin cultured six days in tbe presence of Beta-2-
thienylalanine (2 mM/i). (325 X).
FIG. 3. Eleven day embryonic snout skin cultured two days with Beta-2-tbienylalanine
(1mM/i). (275 X).
FIG. 4. Eleven day embryonic snout skin cultured four days in tbe presence of 1 mM/i
Beta-2-thienylalanine. (275 X).
FIG. 5. Twelve day embryonic snout skin cultured two days in the presence of 2 mM/i
Beta-2-thienylalanine. (275 x).
FIG. 6. Twelve day embryonic snout skin cultured six days with phenylalanine (1 mM/i)
and Beta-2-tbienylalanine (1 mM/i) added to the culture medium. (300 ><).
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ponent is disorganized. The view that the
mesoderm alone, rather than both components
or the epithelium alone, is affected by this
analog is supported by the data of Wilde (15).
Wilde reported that cranial neural crest in
Urodeles is the precursor of two different cell
populations, the pigment cells and the ecto-
mesenchyme. Each of these cell types reacts
differentially to various structural classes of
phenylalanine analogs. The eetomesenchyme is
specifically suppressed by Beta-2-thienylala-
nine while the pigment cells are unaffected.
There are no data to suggest that ectomesen-
chyme, or a similarly derived cell population
in the mouse, is involved in the formation of
vibrissae follicles and therefore, such a rela-
tionship is not implied here. Nevertheless,
the data reported by Wilde suggest that two
different cell populations derived from a
single source can respond differentially to
the presence of Beta-2-thienylalanine. Since
the epithelium and the mesenchyme of the
snout skin are clearly of different embryologi-
cal origin, it seems reasonable to suggest, in
terms of future work, that mesenchyme cells
from the dermis of snont skin may be the site
of action of this analog. The absence of epi-
dermal specialization in the inhibited cul-
tures would follow from the absence of or im-
proper timing of an inductive interaction
between the epithelium and the analog treated
mesoderm. It is pertinent to mention here that
when tooth germs from embryonic mice are
explanted in the presence of Beta-2-thi-
enylalanine they are similarly inhibited (16).
Of even greater relevance to this discussion
is the finding that when the analog is present
at a concentration of 2 mM/l there is a small
amount of cellular damage in the dental
papilla; the epithelium of the tooth germ,
however, remains healthy and free of any sign
of cell damage.
The suppression of vibrissae follicle devel-
opment by Beta-2-thienylalanine described
here offers a new approach to the study of
epidermal specialization in mammalian skin
and the nature of epidermal-dermal tissue in-
teraction.
5UMMARY
Snout skin from embryonic mice cultured
in vitro continues its development and pro-
duces keratinizing hair shafts. When a phen-
ylalanine analog, Beta-2-thienylalanine, is
added to such cultures the explants do not ex-
press their morphogenetic potential and folli-
cles are absent in treated explants. It is sug-
gested that the inductive interaction between
the epithelium and the mesenehyme is in-
hibited by the action of Beta-2-thienylala-
nine on the mesodermal component of embry-
onic snout skin.
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